Conversion and characterization of biodiesel by transesterification of olive oil by Wong, Leh Feng
CONVERSION AND CHARACTERIZATIONS OF 

BIODIESEL BY TRANSESTERIFICATION 

OF OLIVE OIL 

Wong Leh Feng 
TP 
359 
B46 Bachelor of Engineering with Honours 
W872 (Chemical Engineering) 
2013 2013 
UNIVERSITI MALAYSIA SARAWAK 
Grade: _____ 
Please tick (..J) 






DECLARATION OF ORIGINAL WORK 
This declaration is made on the ... I.? ....day....Iy.. of 2013. 
Student's Declaration: 
I, WQNG.LE.H.EE.N.G.S.2.Q.3~m,..QE.P.:t..QF..CHE.MI~AL..ENGJNE.ER.INO.ANP...ENE.RGY 
SU.STAlNA13.JL.U'Y,..fAQ1J.LTY ...QF...E.NQJ.NEEIUN hereby declare that the work 
entitled,CQNY.E.RSIQN....AND.....CHAMCIERlZATJ.QNS.....QF.....m.Q.QIESE.L.....~Y 
TMN$.E.S.TE.:RJ.fl~ATION..Qf.QLIY.E..QILjs my original work. I have not copied from 
any other students' work or from any other sources except where due reference or 
acknowledgement is made explicitly in the text, nor has any part been written for me by 
another person. 
foj~ / ,>\j'~ 
.._-----. ----- .. ------ .. ------_ .. --- WQNG.LE.H.fENG.{2~3.~~2 
Date submitted Name of the student (Matric No.) 
Supervisor's Declaration: 
I, NUR...S.YUHAP.A..AHMAP....ZAUZI hereby certifies that the work entitled, 
CQNY.E.RSION........AN.Q........C.HAR.ACIERIZATIQNS........QE........IUQDJE.S.EL.........~y 
TMNSE.S.TE.:RJ.fl~A1'IQ.N...Qf.QLJYE..QIL..was prepared by the above named student, 
and was submitted to the "FACULTY" as a partial fulfillment for the conferment of 
.~ACHE.LQ.R..QE..E.NQJNE.ERJNG.WlTH..HQNQU.RS..S.CHEM.r~.A.L..ENOINEE.RING), 
and the aforementioned work, to the best of my knowledge, is the said student's work. 
. . . ~/61J0f~'
ReceIved for exammatIOn by:.NU.RSY1J.HADAAHMAP..ZAUZL...._Date::... I7.............. 

I declare that Project/Thesis is classified as (Please tick <-.J)): 
o CONFIDENTIAL (Contains confidential information under the Official Secret Act 
1972)* 
DRESTRICTED 	 (Contains restricted information as specified by the organisation 
where research was done)* 
QJ OPEN ACCESS 
Validation of Projectfrhesis 
I therefore duly affirmed with free consent and willingness declared that this said 
ProjectlThesis shall be placed officially in the Centre for Academic Information Services 
with the abide interest and rights as follows: 
• 	 This ProjectlThesis is the sole legal property of Universiti Malaysia Sarawak 
(UNIMAS). 
• 	 The Centre for Academic Information Services has the lawful right to make 
copies for the purpose of academic and research only and not for other 
purpose. 
• 	 The Centre for Academic Information Services has the lawful right to 
digitise the content to for the Local Content Database. 
• 	 The Centre for Academic Information Services has the lawful right to make 
copies of the ProjectlThesis for academic exchange between Higher Learning 
Institute. 
• 	 No dispute or any claim shall arise from the student itself neither third 
party on this ProjectlThesis once it becomes sole property of UNIMAS. 
• 	 This Projecttrhesis or any material, data and information related to it shall 
not be distributed, published or disclosed to any party by the student except 





Notes: * If the ProjectlThesis is CONFIDENTIAL or RESTRICTED, please attach 
together as annexure a letter from the organization with the period and reasons of 
confidentiality and restriction. 
[The instrument was duly prepared by The Centre for Academic Informa:tion Services] 
APPROVAL SHEET 

This project report which entitled "Conversion and Characterizations of Biodiesel 
by Transesterification of Olive Oil" was prepared by Wong Leh Feng (25393) is 
hereby read and approved by: 
Madam Nur Syuhada Ahmad Zauzi Date 6(6().8{;' 
Project Supervisor 
t'usat Khidmat Maklumat Akademik 
UNIVERSID MALAYSIA SARAWAK 
CONVERSION AND CHARACTERIZATIONS OF BIODIESEL BY 

TRANSESTERIFICA TION OF OLIVE OIL 

WONG LEH FENG 

Thesis is submitted to 

Faculty of Engineering, University Malaysia Sarawak 

In Partial Fulfilment of the Requirements 

For the Degree of Bachelor of Engineering 





Dedicated to my beloved family and friends, who always bestow me sustainable 





Foremost, I would like to express the deepest appreciation to my supervisor, 
Mdm. Nur Syuhada Ahmad Zauzi for her sincere and valuable guidance and 
encouragement extended to me. She never failed to guide me and give important 
advises regarding to the study. 
I would also like to take this opportunity to record my sincere thanks to all 
the laboratory technicians of the Department of Chemical Engineering and Energy 
Sustainability for their advices and assistance. 
Special thanks are dedicated to my course mate, Hii Yik Ming for sharing his 
precious information and time. Without his persistent help, this thesis would have 
been a distant reality. Besides, I extend my heartfelt thanks to those people who, 
directly or indirectly, have lent their helping hand in completing this study. 
Last but not the least, I thank my family for their unceasing encouragement 




The consumption of petroleum is increasing ceaselessly in the world. The 
awareness on depletion and detrimental environmental concerns of fossil fuels has 
been stimulating the growth of renewable liquid fuel. Vegetable oil has been 
emerging as the potential substitute of diesel, but it has to be modified into biodiesel 
to produce its combustion properties closer to those of diesel. In this study, base­
catalyzed transesterification was used to derive the biodiesel from olive oil with the 
presence of methanol and potassium hydroxide (KOH) catalyst under microwave 
heating. The optimal reaction time was 6 min with total yield of 88%, while the 
further increase of reaction time led to the reduction of end product. The thermal 
stability, density, and flash point of the biodiesel were also analyzed. Biodiesel at 9 
min reaction time had the highest thermal stability, while biodiesel at 4 min showed 
the poorest thermal stability. As compared to diesel, biodiesel had greater thermal 
stability. Thus, biodiesel mixing to diesel made the fuel more stable against heat, as 
well as to lower the density of the biodiesel in order to meet the ASTM D1298. B20 
and B50 had met the ASTM D1298, but their thermogram showed that they are not 
mixed homogeneously. In contrast, B80 showed the better mixing. Lastly, the flash 
poi?t of pure biodiesel and biodiesel blends (> 220°C) are higher than diesel (81°C). 
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Penggunaan petroleum di dunia telah meningkat secara berterusan. Kesedaran 
terhadap kekurangan dan pencemaran alam sekitar masalah daripada bahan api fosil 
telah merangsang perkembangan sumber bahan api cecair yang boleh diperbaharui. 
Minyak sayur telah muncul sebagai pengganti diesel yang berpotensi. , tetapi ia perlu 
diubah suai menjadi biodiesel supaya ciri-ciri pembakarannya lebih menyerupai 
diesel. Oalam kajian ini, alkali-pemangkin transesterifikasi telah digunakan untuk 
memperolehi biodiesel daripada minyak zaitun dengan kehadiran metanol dan 
pemagkin kalium hidroksida (KOH) di bawah mikro pemanasan. Masa tindak balas 
optimum adalah 6 min dengan jumlah hasil sebanyak 88%, manakala peningkatan 
lagi masa tindak balas membawa kepada pengurangan produk akhir. Kestabilan haba, 
ketumpatan dan titik flash biodiesel juga telah dianalisis. Biodiesel pada 9 min masa 
tindak balas mempunyai kestabilan haba yang tertinggi, manakala biodiesel pada 4 
min menunjukkan kestabilan haba yang paling teruk. Berbanding dengan diesel, 
biodiesel mempunyai kestabilan haba yang lebih bagus. Oleh itu, campuran biodiesel 
kepada diesel menjadikan bahan api lebih stabil terhadap haba, serta untuk 
merendahkan ketumpatan biodiesel bagi memenuhi ASTM 01298. B20 dan B50 
telah memenuhi ASTM 01298, tetapi termogfam mereka menunjukkan bahawa 
mereka tidak bercampur homogeneously. Sebaliknya, B80 menunjukkan 
percampuran yang lebih baik. Akhimya, titik flash biodiesel tulen dan campuran 
biodiesel (> 220°C) adalah lebih tinggi daripada diesel (81°C). 
Keywords: Biodiesel; Alkali-pemangkin transesterification, Minyak zaitun; Masa 
tindak balas; Kestabilan haba; Ketumpatan; Titik flash 
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The world primary energy consumption grew by 2.5% in 2011 where oil 
remains the world's leading fuel at 33.1 % of global energy consumption (BP, 2012). 
The world oil production had reported to increase by 1.3% in 2011, meanwhile the 
world oil consumption increased by 0.7% as compared with 2010. In 2012, 
worldwide oil consumption increased by 1.3 million barrels per day (bid) and 
forecasted to increase by 1.5 million bid in 2013 (Radler, 2012). At the end of 2011, 
world proved oil reserves reached 1652.6 billion barrels which is sufficient to meet 
54.2 years of global production. Asia Pacific founded about 41.3 thousand million 
barrels of oil reserves, in which 5.9 million barrels was constituted by Malaysia (BP, 
2012). 
Figure 1.1 shows the oil production and consumption in Malaysia from the 
year of2001 to 2011. There was a peak production in Malaysia during 2004 which is 
about 762 thousand bid and followed by drastic decrease in the succeeding years. In 
2011, the oil production had a drop of about 10.9%. However, the oil consumption 
increased continuously with the growth of 0.7%. This is due to the energy use is the 
most essential requirement for human existence. It is indeed the livewire of industrial, 
1 
Chapter 1 	 Introduction 
food and agricultural manufacture, the fuel for transportation as well as for the 
electricity generation in conventional thennal power plants. The world would hit a 
limit on the amount of oil could be extracted from the ground. According to 
Kuhlman (2007), oil is now being consumed at a rate of four times faster than it is 
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Figure 1.1: Oil production and consumption trend in Malaysia (BP, 2012) 
1.2 Problem Statement 
The globe is threatened with the twin catastrophes of fossil fuel depletion and 
environmental degradation. The excessively extraction and consumption of fossil 
fuels have caused a severe reduction in petroleum reserves. Furthennore, the 
petroleum based fuels including gasoline, jet fuel, kerosene, and diesel are attained 
from limited reserves. The world is no longer granted with new sources of 
economical fossil fuels and professionals have warned about the exhaustion of the 
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